Mitophagy maintains mitochondrial homeostasis and cell health. A new study demonstrates that the ubiquitin-binding protein Vps13D functions downstream of the fission factor Drp1 to control mitochondrial size and autophagic clearance in Drosophila midgut cells.
Mitophagy involves the selective sequestration of damaged and/or excess mitochondria in a double-membrane autophagosome, which subsequently fuses with the vacuole/lysosome for degradation [1] [2] [3] . This process maintains mitochondrial homeostasis, which is essential for organism development and cell health [1] . Mitophagy is triggered by stimuli that damage mitochondria, such as depolarization [1] [2] [3] , and mitochondria that are destined for degradation are targeted by multiple receptor proteins or other factors that directly interact with Atg8 family members of the autophagy machinery [2] [3] [4] . Cytosolic receptor proteins bearing ubiquitin-binding domains, such as p62, NDP52 and Optineurin, are recruited to damaged mitochondria via binding to mitochondrial proteins that have been ubiquitinated by the PINK1-Parkin system [3] . Receptors on the outer mitochondrial membrane, including NIX, BNIP3, FUNDC1, FKBP8 and Bcl2-L13, bind differentially to different Atg8 family members upon mitophagy induction [2, 4] . Ceramide and cardiolipin also mediate the elimination of mitochondria by interacting with the Atg8 family protein LC3 [5, 6] .
Mitochondria constantly undergo fission and fusion [7] . Fission is coupled to and facilitates mitophagy in mammalian cells and yeast [8, 9] , possibly by separating damaged mitochondria into fragments that are amenable to autophagosomal engulfment [8, 9] . Our current molecular understanding of mitophagy mainly comes from in vitro studies of damaged mitochondria, and little is known about mitophagy of healthy mitochondria in developmental and physiological contexts. In this issue of Current Biology, Anding et al. [10] now reveal that the ubiquitin-binding protein Vps13D plays an essential role in mitophagy in the Drosophila midgut by regulating mitochondrial fission.
During Drosophila metamorphosis, the midgut is removed following puparium formation, a process that is accompanied by a drastic induction of autophagy [11] [12] [13] . Autophagy is required for cell size reduction and mitochondrial clearance at the onset of midgut cell death [12, 13] . Conjugation of Atg8 to phosphatidylethanolamine (PE) by the E1-activating enzyme Atg7 and the E2-conjugating enzyme Atg3 is essential for Atg8 to associate with the isolation membrane (autophagosomal precursor) and autophagosome [2] . Surprisingly, the midgut autophagy pathway is independent of Atg7, Atg3 and Atg8a lipidation, but requires ubiquitin and the ubiquitinactivating E1 enzyme Uba1 [12] . Prompted by this discovery, Anding et al. [10] searched for genes encoding ubiquitinbinding proteins essential for cell size reduction and Atg8a punctum formation in midgut cells and identified CG32113, encoding Drosophila Vps13D, which contains a ubiquitin-binding UBA domain. Vps13D mutant cells retained both GFPlabeled mitochondria and mitochondrial ATP synthase (ATP5A), indicating a defect in mitochondrial clearance. Electron microscopy revealed mitochondrial accumulation in midgut cells and, importantly, mitochondria in Vps13D mutant cells were enlarged, a defect that has not been observed in autophagy mutants [12] . Knockdown of other Vps13 family members in the midgut, including Vps13 (the homolog of human Vps13A and Vps13C) and CG15523 (the homolog of human Vps13B), both of which lack a UBA domain, caused no defect in cell size reduction and autophagy. Vps13D, like Uba1 [12] , functions in autophagy in a context-dependent manner because it is dispensable for autophagy triggered by starvation, rapamycin or hydrogen peroxide in the fat body or intestine.
Ubiquitin is required for Atg8a punctum formation and cell size reduction in midgut cells [12] . Anding et al. [10] found that the formation of ubiquitin puncta in the midgut, which is associated with mitophagy, was suppressed in Atg1 mutants, while Atg8a and Vps13D knockdown cells still possessed ubiquitin puncta. Vps13D is therefore placed downstream of Atg1 kinase but upstream of the change in ubiquitin distribution that is associated with mitophagy. The authors further demonstrated that the Vps13D UBA domain bound to K63 tetra-ubiquitin chains, but not to linear or K48-linked tetra-ubiquitin chains, and that the binding depends on the conserved hydrophobic patch M/L-G-F/Y in the UBA domain. Vps13DDUBA mutants, in which the UBA domain of endogenous Vps13D is deleted, were also defective in cell size reduction and mitochondrial clearance, and had enlarged mitochondria in midgut cells. Therefore, the ubiquitin-binding activity of Vps13D is essential for its function in midgut mitophagy.
Mitophagy is triggered by diverse stimuli that damage mitochondria [2, 3] . The enlarged mitochondria in Vps13D midgut cells, however, possess juxtaposed and intact cristae, indicating that they are not abnormally swollen. The authors investigated whether mitochondrial clearance in Vps13D mutants is impaired by changes in fission and fusion. Drp1 encodes a dynaminrelated GTPase required for mitochondrial fission [7] , and Drp1 mutants display the same mitochondrial and cell size phenotype as Vps13D mutants. The enlarged mitochondria resulting from impaired fission can be suppressed by blocking mitochondrial fusion [7] . Anding et al. [10] 
The function of VPS13D in mitophagy was also assessed in mammalian cells. Depletion of VPS13D or deletion of the VPS13D UBA domain in HeLa cells led to enlarged, rounded mitochondria. Mitophagy was also attenuated in VPS13D knockout HeLa cells, but to a lesser extent than in ATG5 mutant cells, indicating that other mechanisms exist for mediating mitochondrial fission or clearance. In VPS13D mutant cells, DRP1 still associates with mitochondria, actually to even higher levels than in wildtype cells, indicating that VPS13D acts downstream of DRP1 recruitment in mitochondrial fission. This conclusion is supported further by the presence of phosphorylated and presumably activated forms of DTP1 and another fission regulator, MFF.
In this new work, Anding et al. [10] reveal that Vps13D acts at a novel step downstream of recruitment of the mitochondrial fission factor Drp1 to orchestrate mitochondrial fission and clearance ( Figure 1 ). This seminal work opens new avenues for exploration. How does Vps13D control mitochondrial fission? From the same screen, the authors identified that knockdown of TSG101 and Vps36, encoding components of ESCRT complexes, which are essential for the formation and function of multivesicular bodies, causes the same defect in cell size reduction and Atg8a punctum formation in the midgut as that seen in Vps13D mutants. In midgut mitophagy, ESCRTs appear to act at steps required for autophagosome formation, while in other systems ESCRTs regulate the maturation of autophagosomes into degradative autolysosomes [14] . Anding et al. [10] showed that Vps13D colocalized with the late endosome/lysosome marker LAMP1, but not with mitochondrial or autophagosomal markers. Yeast Vps13, which lacks the UBA domain, is recruited to mitochondria and vacuolemitochondrion contact patches by interacting with the outer mitochondrial membrane protein Mcp1 [15] . Mitochondria also contact the endolysosome compartment in mammalian cells [16] . Contact between mitochondria and the endoplasmic reticulum (ER) is important for mitochondrial fission [17] , and in yeast mitochondrion-ER contacts are crucial for mitophagy [9, 18] . Therefore, Vps13D may be recruited to mitochondria during the fission process, or Vps13D may act at mitochondrion-endolysosome contact sites to regulate mitochondrial fission.
Another important issue raised by this study is how ubiquitin links to mitochondrial morphology and clearance. Damaged mitochondria undergo ubiquitination mediated by the PINKParkin axis, and this is followed by recruitment of the ubiquitin-binding receptor proteins NDP52 and Optineurin to mediate mitophagy [19] . Anding et al. [10] found that neither p62 nor Optineurin is involved in mitochondrial clearance in the midgut. In midgut cells, ubiquitin puncta are absent in Atg1 knockdown cells, but present in Atg8a and Vps13D mutant cells, suggesting that ubiquitination of mitochondrial proteins requires Atg1 kinase. Ubiquitinated proteins on mitochondria may recruit Vps13D for fission. Autophagosome formation in the midgut is governed by a mechanism that is dependent on ubiquitin and Uba1, but not on lipidated Atg8a [12] . Given that autophagosomes containing mitochondria are not formed in Vps13D mutant midgut cells, Vps13D may directly participate in coupling fission with the generation of isolation membranes. Several factors involved in mitochondrial fission have been shown to also act in mitophagy [18, 20] . The ERMES complex, which tethers the ER with mitochondria, contributes to mitophagy at the step of isolation membrane formation in yeast [18] . The mitochondrion-localized receptor protein FUNDC1 couples mitochondrial fission and mitophagy at the ER-mitochondrion contact site [20] . Our molecular knowledge of mitophagy has greatly expanded in the last decade, mainly due to investigations of stimulusinduced mitophagy in vitro. During multicellular organism development, mitophagy occurs under the control of developmental signaling and in a contextdependent and cell-specific manner [3] . The clearance of mitochondria in the Drosophila midgut provides a premium model for exploring fundamental questions about mitophagy, including how the mitochondrion-surrounding isolation membrane forms, where the membrane comes from for the formation and expansion of the isolation membrane, how ubiquitin is involved in this process, and how mitophagy affects cellular remodeling.
When humans listen to speech, ongoing cortical oscillations entrain to the acoustic signal. New research demonstrates that electrically stimulating the brain in time with speech rhythm can improve intelligibility for speech in noise.
In the midst of a noisy conversation, some people are typically more interesting to listen to -or more important to listen to -than others. One of our challenges as listeners is to focus our attention on what a target speaker is saying so we can hear them above the din (or above a lessinteresting conversational partner). This situation is frequently referred to as the
